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(54) NUMERICALLY CONTROLLED CURVED SURFACE WORKING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
numerically controlled curved surface working 
device capable of improving the roughness of 
a working surface and the accuracy of the 
working surface by smoothly moving and 
working a tool along an NURBS curve, 
executing a high speed working and sharply 
shortening the working manhour by omitting 
manual work. 

SOLUTION: This working device is provided 
with a means for reading out CL data 
consisting of a tool tip position vector and a 
main axis direction vector in a work 
coordinate system, a means for converting the 
CL data into the positional vectors and 
rotational angles of three straight axes in a 
machine coordinate system on the basis of the constitution of a simultaneous 
multi-axes controlling NO working machine, a means for calculating a not vector 
of an optimum interval for a NURBS curve on the basis of the positional vectors 
and the rotational angles of the three straight axes, and a means for calculating 
NURBS curves for the three straight axes and a rotational axis on the basis of 
the not vector. The device is also provided with a means for converting the 
NURBS curves into NO data for interpolating NURBS, a means for converting 
the working speed of the work coordinate system into a minute feed working 
speed of the machine coordinate system and a means for transmitting the NC 
data to an NC working machine to execute an NURBS interpolated work. 
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(57) [wmi 

x»S:*:*i{c:g!|j«t? $ -5»flS$iJ«iftH*nx^g:&«l#t-r 
•5. 

^^-r^^mts mmsmooti^im^i' hjvtmmnmt 
!te$iii®NURBSffli^&fi-ac-r^^figi:, nurbsa 

«a*NURBS«MfflNC7^-4'tC^tfet- "7 

— ^^^m0*pxi$jK^MM^<g^®«^j^ ?) iDXMS 

^fiS^felStlt^ NURBSWF^SOX^So 
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±mmmr- ^mBm^^m^titz^-'!^ mmmx- adx 

mMmm^x-mn^nfzmusmcDiiLm.^';^ hji^t^m 
mmy y h^-^ hji^m^^xwMmmm(Dmi$i3mi3^ 

HUB3N U R B S tti^<£N U R B SMHfflN Ct^— ^ 

^;eH^^I3C Lt^— ^5'$:Sul3xScD«IEfit{c:)SbT«IE^ 
B. 

® ISfit$)JfflIft ®ADX^M«3 *5 T ^ 
SuS3iax^ES;^^RI^;ai^;« C Lt^— ^cDffl^SfcttC L 

omRifc:»-3# N u R B s fflisi^^iij-r s^ies 
t ^#SSci:-r s^fitfewffiSinxsac 

HuI3Aox^8S;&|g{cM^:e»MJas^^RCDii:j^ 3 fficDfag 
V)V<D^m.^J bTNURB Sffll^ 

iDX^M. 

[lf«J«6] iS3^<J«l55t^^b4CD^^■r^^A»-«fcfH« 



Hut3iDX,@ES::^Iq]^cM^:^c:^ffi^ilScDfi^« 3 ffi©teB 
h;i'®3£**iZ>*'7-^ffi^S^®xM$feiSea-<e' 

^fift^ fe d i: -r S ISfii»ft fflilDX^g, 

[W*ii7] a»*JSl^^V^b6CDV^-rtl*»-«K:i3« 
®g!Cfii$<J{HIfflBiDX^B *3 V ^ T . 
«W05^5^T?t1-»$nfci»!^3W®(4B^<!7 N;v*'J;tF 
iateW®llIte^JK*5> =§-^B- s p 1 i neMF^, Be 
zierliP^, CoonsMfa. ^J^iC, m.Ut?]'^h 

N U R B S « F^ (c -r 5 ^® & d ^ fe ^ i: * i: 1- 

S|g(fit$iJ»ft®ADX^g<, 

iBtcgB«®?SmWttHiDX^S(c43V^T, 
«fR® N U R B S ffliia®geil^;ST- Anx!fta®l6Hrt T- ffl 
^*5*i^e<Jt^<b-r S <k a {3 NU R B S fflJSS:1giE US 
fcttiiidn b 1 N U R B S ffli^* fcttffl^AsaM^S 

igf»*ffl NURBS mu^^mt s ^la&fiSit fc 3 i: * 

[fl**JS 9 ] if 1 >&v^ b 8 ®v^■r^^A»— flCIBtt 
CDiafii$iWffl®iDX^g{C*3V>T, 
CLt^— <5^®£EW;^|pI'<i}' h;u&m^ttfcbitiS3ttcD 
i^© |B]B# 3 N C * DX^ffl ® N U R B S MF^ N C 7^ 

- iJ' ^i^-r S ^g! ^ fc CI i: i: ^ S l»<iSSiJ«W 
fflHiOx^ffo 

1 0 ] if 1 ^ev^ b 9 ©v^■r^^*>-JB^cg3 

S'OTftffliox^g, 

[st*« 1 1 ] m>m 1 ^cv^ b 1 0 ov^■r^^A»— j«ic 

gBtt® iSftt$iJfflitt®;!jax^B iz 43V ^ T s 

inii^^ifi*nx«iffl® tti^WHN ct^-^J' ^m^s,^ C L 

®ift®Anx^S. 

[w^jg 1 2 ] mmm 1 jfev^ b 1 1 ®v^m*^-«c 

IB«osS!(fiSSiJ Wft iSiax^gt: :fc -c . 

'ij-r® ^ -y- c L 7^- & 5 ^m^m^ tz :i 

^mnii^m bi^ictt^ijffiiN u R B smmmn^-^^'om^ 

N CAnx^Sr^triSfifi$ij»ftHjfjax«s{c*v>-r> 

«Mi«^^^T-W-^^r nfeittiS 3 14*5 i l>-(plte$|li® N U R 

B Sfti^&S6*iitf^@i:s 
i:^ 

CLt^— ^®X:R^«4"t»<4g'^i' h;b*»e.NURBS 
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^iicD8t»ifsii t a-3 ^wMmmm<D n u r b s mm(D 

lit ^11 1 5 ] it^lM 1 3 * 1 4 (;ia«cDISM$ij 
[0 0 0 1] 

mmx^^^s Anxaffl$*jj;tFiDxajitjs*A< 
t-s h i: t) t^iSMJnx^ pitg(c-r sf»ffl[$ijfflittajpx^ 

[0 0 0 2] 

Wi^aywm «t*©afe^^»JfflI(NC)fta^I^x43^^T 

(i. 0 2(a){c^t-J;a(::^ ffn^jeMT-JDx^ixTJj 
*nxaffi^*s^.<v ^<®^tt±(:fx|S^S-rs, 

[0 0 0 3] I^HIsp 9 -114512^&^(i. iOXH*»Jg® 



[0 0 10] 
[tS!c3] 



Pit) 



1=0 

(X Osf :SXni) 
[0 0 11] NURBSM^Ji^tt, WTOi^Jfe^* 



fpl±*5J;VNC7^-:J'a®SiJjg*S8<Ji:UT, NCX# 
STnfa3i£iLXtJ:siDxBffi$©{aTi:te 

[0 0 0 4] cne.oB3M4i?^t-i.fe«)(c. mzxziis 

^NURBSffiairJ:S«P^??&ASil^$nfe. NUR 
BStt«li:^i^ Non-Uniform Ration 

a IB-s p 1 inefli^<Z)B&T-$.oT^ ^^^Pi^S 
•fbB;?^7'-5"l' >ffli^T-^S, NURBSftJ^tt. ^7.-/ 

[0 0 0 5] ft«gS©mfl<)fc:^^ 

[0 0 0 6] 0 3^^^3V^T. NURBSftiSa^i^ fflim* 
$iJ2li^Pi, ■i'^iii'hwi, y >;/ b^i' h;ux iC: J; >3 

Ji-f X iJiy h(x i i+lK [xO.xl,— , 
xm] (m^n + k)^^ h^^^ t{i;^rv-f> 

[0 0 0 7] ;5^7'^'r >SjgB8iS(N(t )S:de Boo 
r-Cox©S»SC-C-^^t-Si:^ 1 ).( 2 )OJ; 
oi;:^So MP^-raNURBSffliSP(t){i, «iC(3) 

[0 0 0 8] 
[ISi(l] 

[0 0 0 9] 



i+1 
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G05P10000; («»flaittl«W«^HON) 



GO 6. 2 
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K_: 
GO 1 — 

G 0 5 P 0 ; (iBEWflaftaHMW^ FO F F) 

GO 6. 2 : NURBS *tM*— HON 
P : NURBSttliKOIVNR 
K_X_Y_Z_a_fl_ : rnVfjH 

ia. B : wmm^) 

R : C^X-f h 
K : h 
F 

[0 0 1 2] NURBSaF^iPXt^>V^■r^iv S2(c) 

tfx.mifi'pm^<, E2(d){c:^t-J:-5tc:x tstBife 

CDTn ilDXB$SSr^<T-§> l«3l^J0XASartgT-$)5o ^ 
4>K:. NURBS«racD«iJfflIi^*«!j^M<IS^-r-gSA^ 

[0 0 13] 

[^0^3!)5^siibj;d i:-r€>fflis] ^^e*cDNURBs^ip^ 

:^mx'tt. M)!iPx?^ge«ji:bTiai^3|ili®|5l^*nxASpi 
igT-^ofc, F^iiXMji (1998^2^^)® 1 2~ 1 

s^*PX^ge?ji:UTx rNURBSMF^i:?te>A^«Mic 
<t5iiS3Sii5)ISfiinXj Lli^^mMT'. Ilte2|ft&^«>fc 
I5IB# 5 «iAnxfc««tgAJjg36$nfeiax;^iStfg^$nt 

[0014]Sfc, (1998^7M^)®8, 9 

MJcJi. ^ft^lD«NURBS^fraiax^;IJ:^5iSat&!JPX 
mmmj tV%a*MT% ISIBtSMNURBSIiK^^tg 
&ffl^^feV7 h'>:n7't:J:S<5'-tf>:/l'-Kipx;?^ 

[0 0 1 5] _ CCDt!e*t$«|ifr'H:, y-^ffifilJ^ffi- 

j?bfcNURBSffli^cD$iJ«W;iSS^«!i;&iRi'^^ h;i/t::jss 



^ h;!/^:!^!^^ <v 5 ffiNURB Sif ^tjg 

[0 0 16] -flaWttt. ffi^.^J^^*)|0lC 

[0 0 17] z.(D'^mm\-ts xM$fe«ffiMtffl 

*DXS:?^f*i:bT*t)> x*$fevffifiLmi:ffl®i:®Jg^jS 

[0 0 18] c:©J:-5«:tt?filA^^> '7-^;^^l^-eft» 
bfcNURBStt«g$±«i:^|pI-<^ h^l/fa^S^^tjSSbT 
«IM^S,^{'gg|l^«lbfcNC7^— <5'^fflV^T. ffi®^ 
5«6NURBSfflKT-r»^>A>{C>!jPX^Sfc46®y b'^ 

[0 0 1 9] *^H^®ae^(i, NURBSfti^{c?&V^r& 
e,A^txM*»*^bTiDxb. *px®)|a^i5j;i>*jaxH 
»S&a<-rsi:h*)t;ii5igAnx<&qItgicb. #tt±{:f 
<t*S«BS bTiPxx!Bt&;*;*@t:»M-e ^ SiSfitSiJfflffl 

[0 0 2 0] 

[»SS:)5??*t-€.fc«)©^|g] *^B^tt. ±8aBW^i^ 

it»W S:* bt!(tt$iJfflIN U R B S WH^fg S:i#-38!(fi|$iJ 
N C ) C J; «3 tRfii$!IJW $ n |BlBt^MS<Jffll N 
CApx^S:$trfS!cffi[$lOTfflB*px^SK:43^^T. ±tSitt 
»«IT- ffl iHfl^*s««^ *xfc y - m«l»T- APXjgK;^ 

iaitit»:$^xfex*5fe4IStea-<^7 fcx^iiu 

^ A» e> |iIB#^«StJ»N CiDXM©«ltt8«figtC«t3 § N C 

iPX^?£|&f^$-a- 5 fcK){z»S^^3^-r-ifiJ^ 3 W®<4g 

^NURB smm.(oww3mm<oj v h;i'*ff» 
3 la* Etett® N u R B s tt»-r 5 ^is 

NURBSffiiS^NURBS1SF^fflNC7^-^$'t:^ 
!7-^i^:SI?ROJPXMJK^«MJ«ffi*S?^® 

[ 0 0 2 1 ] BtiHB C L5=^-^5' bTig^5^^3i^)e^S|IiT^ 
HfftBftHoADxKtSicfSbT, H(^f3*DXigE&:?^[p]^cii^ 
:e C Lt'-^ <feH§| < *fettiiip^i,^ie;^«i^ .5 c i: 
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[0 0 2 2] B^II3CL^-^i:u■rig^^3i^)ElSPgT^ 

liS DTHIiE-r S ^mSiiSi S CI i: *) nitg-e S o 

[0 0 2 3] HuI3j!)DXjggS;^iqit3t6A/;e C L7^-^©ft 

* * feti C L T^-^J' (D raiiStca-:? g N U R B S 

[0 0 2 4] mtim:r.m^:^\^tz^Ay^m&mmm<Dm 

m3m(DiiLm^^ h)l^(D^m.^y v \-^^ ltn 
U R B S fti^*lt»-r 5 S C .fe T- 1 «,o 

[0 0 2 5] m%^m:5^^^^\Pi\iLm.hjitmimm?k(Dm. 

tht>^tz^^^J bTNURB SftifaS: 

[0 0 2 6] «te«ffi^i^T-ti-»$nfcia«a3ifioDfitB'^ 

^ h;i/*5<tt>*lHlteW<DlH]te^JK*^ &'^B-splin 
e«ra. Be z i e rlira, C o o n s«F^. ^H^, 

B#> H5!3ffl«a*NURBS«ra{C^JS|-rS^lft^<i^T 

*)cfcV^„ 

[0 0 2 7] aUStcDNURB Sffli^CDgei^jaT'APXWlK 
©teHl*iT tt**sjt^fl«j{c ^rb-r S J: -5 1 N U R B S tt 

^Sfl^IE b * iijtilQ b 1 *® N U R B S ffli^i fettffl 

* A^ai^f s ^in*® NURBS mm&\'^Wu-t ^^m^ 

^)SiSCl^:*sM$bv^. 
[0 0 2 8] C L7=-^'CDitt:3^fqj'<^' h;i/&flff«fiti: 

bii:?^ 3 m(D^(Dmt^3mmmii CiDX^^CDNUR B 
-5. 

[0 0 2 9] x.j^!mt:^m.^^t^ii.-mm§(Dmmr-i}a 

[0 0 3 0] l5lBt#ttJDX«6ffl(Z)iaiaMF^N C5^-^ ^ 

m^jK^ c lt^-^ {c^gi^s^ia^fiSi s c i: *) qifg 
[0 0 3 1] !£;>raji^-B-'feVACL7^— ^j'&ji^-ri.^ 
[oo3 2]*^wi^ *fc, ±mss^^mm-t^r^isb 

ic:. ia^^*;3tai;^)&:< i:*) lo©|llte^«;ltti:^;t 

bi!S(»$ijffli N u R B s«ra«ste^i$oisfii^j»«g( N 

» $ iSi^ 3 W4b' J: IHtelft® N U R B S ffli^ 

*fi:>?ipi^^ h;i'*^e>NURBsa!^§it^-r s^Sfcv 

^ffi^lSCitl^ 3 ttl43 J;yf|ateWON U R B S ffli^A^ 

e)m^®*px»a[-c-#'5?cDjia?ij7^-^' *tt^-t-s*© 



nfc c lt^-^ y-^ffi^im-Pti-^^tifcxM^tiSte 

m.^i/ h;i/®NURBSffli^43J;tif±lft*|pi^^ 

N U R B S ^;£DM^S:t^»^?,^fB!i: ^H^fc 

[0 0 3 3] ^^©it»iSg^tcS-:3g^ffi«m©NU 

h *<giE^-5^S!$r(l^ S Cl AST- § 5, 
[0 0 3 4] XM1iIEaSNC^il*^^SI^mof7- 

5 ^® Srd^ 2. CI i: qjfg-e^) 5 o 
[0 0 3 5] 

[00 36] s 1 tt. *%B^tc J; ^mmumibmnnni^ 

IS ) {c:43V%TiDxjgBS:??|Bl Cff tifexM^fe^ffiB'^ 
[0 0 3 7] P^7^>>7'2 1 Tn *IS<S$iJ^ftHSDX^M 

iitfo 

[0 0 3 8] NC7^-<5'#^B§{Cffi.:^ bfcxRS, 

[0 0 3 9] :^^yy22x-. mm-m. 2 0 mmmm 

SrMIE-rSfctok:. XMMIENoSrffi^b. 
0t^bT«IE7^-^©iH:*j*S^1-i.o NC«a4 0 

-^j'iaffij^';T4 1 ip?>ttc^tijb. ti-iE^2 ofc^±s:tJ-r 
€.o mmmzoui. Nc^g4 0A»e>ai;b^tife«iE7= 

[0 0 4 0] X5^>;/:7-2 3T% tj-#«S2 Ott. MiEbfc 
v^^lRjtf&bT. m4jsxm4m^iZ7rs-t:^^X'. c 
L7^-i5'$:«iEt-S. CICITn CttXM^tJS^ffim^;^ h 

;k Dttiffli:&fqi^t^ PttCC4bMt5«JgiJj^ffiS 

b. C 3 {ix*g:^iR^{3 d StdimiE bfcxR^fcSsmM 
[0 0 4 1] 

Cj^C+diD 
C2 ~C + d2tf 

^ |Z)xJVx£>| ^ 
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[0 0 4 2] mn<DCLy=~i'li. xm^igfSM^^ b 
±tBC 2 . C 3 (DmiE^ CI, C 2 , C 3 Sffl^ 

[0 0 4 3] 5&:ib\ ±13 ^mmtozms <D TNURB S 

[0 0 4 4] 7.7-VZr2 4T% ^^VLTf^-ffj^VlX.'o 
tot, CL7^-^®ra5l§*fc{ii&AP^£^ff-r5o * 

imm.^mm-\.. NURBStti^s i i:L. t.t-^^zt^ 

§l<o 

[00 45] NURBSftliiatt. ia3*5J:m 1 ).( 2 ), 
(3)IS^®NURBSfflli©^«T-#^^n5o ^nii^ 
?>NURBSa^4#^t-5;^r£(i. Les 
Piegl. Wayne Ti 1 1 er« FThe N 
URBS Bo okji «:ifK:f3«$*XTV>S. 

[0 0 4 6] F^?|V\fcCL7^— ^J'CD^ttJ^fRl^^' 

h;i/Srat:, NURBSftj^5 3&tf-»-rS. 
5 4-r% n:R$feSS(5irg'<i^ b;KiDaiaiSt*ft&1-5NU 
RBSfti^5 3±®±IS:^rRl'<^ h;b^H-»LL^ iftjg© 

ilii^^^SiOU. «K&|qI±^-B-S. W 
g|t*fefiMAP®&»®&IHiSH:> O.OlmmtriS^ 

[0 0 4 7] X^>y7'2 5T% ;5^7">;'7"2 4T-itff^n 
;tNURBSttJ^5 3^^fiJ-r5o ^6i±. n:M3tSSte 

®NURBSai^(-r'&t5*.G0 6. 2XM^|i§6 4)i: 
^tl,i^XR!Sg^(-r55;t)*.GO IX^J^ESa 5)i:A^e.s 

<«:-Dfc!5, frtii^ffl^iais^^-r-Si:. NURBSffl 
[0 0 4 8] ^7^<yr2 6T% CLt^-^^^^;^^ 

msox' cm^— :^jvmiiKfpit^ t. b ^m^^lt^ h tm^ 

^cDx*$fe^ffig--<^^ h;KX, Y, Z), iltt:^riai^^ 



b;Kl, J, K)A>e>. ^M^(Mx, My, Mz. 

B, c)--^(DmmMmt. mKDmmmisxnm^ib), 

(6),(7),(8),(9)T-*3KT-gS„ 
[0 0 4 9] 
[li(5] 

w - (^,y,z) 

= J,*:) 
WB = (y,z.jr) 

Da = (J,J:,/) = (D<ii,D«/.Da*) 

S = (As.Ks.Zs) 

1^5 = Wa 4- 5 - (W<w:,W«y,W«z) 

[0 0 5 0] 

C = tan-\Daj/ Dai) 

B = tan{jDar2+Dar2 1 Dak) 

[0 0 5 1] 



Mc = 



COi(— C) 

si«(-C) 
0 



-Ai>i(-C) 01 



• jin(-B) O 



0 1 

sm{-B) 
0 



[0 0 5 2] 
[1^8] 







Wax 


My 


^MbMc 


Way 


Mz 




Waz 



[0 0 5 3] 
[tS(9] 



M = {\fx,My,Mz.B,C,) 



[0 054] CCLTn (Mx, My, Mz. B, C){i, 

X, Y, z, B, c&mmmcommm^mii'. ^(omm 

[0 0 5 5] tte*ft*l5T-B:> y-^^ffilfl^-etf-l^bfcN 
URBSffl^®$iJ®;S$r^fft*fpI-<^ h;i/tf£;bT^ 
ffiH ^ (Cffi^ U iSS« Sr ^ © * * 5 W N U R B S ffi 

iHiby^^ ^;l/&5ttNURBS^iMC®fflbtv^ 

[0 0 5 6] -aaa^jctt. asis^j^^tisib 

y ^;^*ffifflbT^te>*>55;n{^*s^5^,nsi:^/^ 
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[0 0 5 7] :itHZ.Ml.X. *^BJ§T-tt^ E18(b)tr^N 
TffifflL^ (Mx, My, M z )<Z)iti^3 Wh(B, C)© 

dte 2 w t (Dmmmmx- ® n u r b s ftr^cD^ij®^ 

[0 0 5 8] ;^7^>>7*2 7tN y h'^^ ^;^^feltgt■t- 
-s„ laecDy^^-^vT-B 1T% ±§3ISii:(5).(6).(7), 

X, My, Mz. B, C)S:tt»^5o 

-So (Mx, My. Mz)i:{B, OiDy' y h^i^ hJUt 

[0 0 5 9] ::^7^«;/7-2 8-tN U-i^m^^m<DCL^- 

-f^Hfi^mMmw^miz^i^^ixtzmx, My, Mz)®a 

7-C-tt#bfc>' >v h'^^ ±13 FThe N 

URBS Bo okj Jfeiftg^^nrv-'SNURBSffl 

moo>i^m.:^mz <t , st^c i >,( 2 ),( 3 )T-*$ns n 

URBSfflia&#fiKt-S. 

[0 0 6 0] 7.=rvy2 8T% |218(b)®y > h'^^ h 

3 43 J: VStSC 1 ), ( 2 ), ( 3 )©NU RB SftJ^© 
^^^fflV^'Ts il:i^3tt(Mx, My. M z )*5<ttJf|llte 
:fta[2W(B, C)©NURBStti^Srt1-»-rSo 

[0 0 6 1 ] ;:^7^>;;r2 9-e. >7^-f V^^^Dt^tl- 
^t-5o ia9(a)tz^-rJ:-5lc. :^5^>y7"2 8T-i+ff b 

"T-vTl 4T-F^5|V>fc^9 2*^toTJ;f5»S^±{f 
U "7— i7^^,i^©y h;i.i:t-.2,o i*:f::> mm. 

[0 0 6 2] ^fflJ;^t:■r^i:^ ADXiSg|g©tHia 9 It: 

itriS^bfei:^:^. ;5^A— XfciaxASf&fco ^4b\ 
c:©^ifeH:, ADXife){c:*fjSbT^MT-§So 
[0 0 6 3] ;:^7^>^7-3 OTn ^;^^^T-©ADXjiaffi 

^ttff-r-s, u—^mmmx'(Dit^!^^(xws, yw 

s, Zws), $|^*(Xwe, Ywe, Zwe), sK;^ 
&Lw, Aoxj^SrFw, imm.mmX'<Dt^^^(Xm 
s, Yms, Zms), ^j^*{Xme. Yme. Zm 
e), Sft^Lm, iPX^JS^Fm^Si:. mm^U^ 
©AnxMjKFmtt, l«liC(l 0)t:i*)#iLe,tl-5. 

[0 0 6 4] 

[IK1 0] 



Lw = V{jfvwe - Jr»*s)'* 2 + (rUnc - >Vt/s)** 2 + (Zwe - Zw)** 2 
Z.W - ^(Xme - Xmsf" 2 + (Miitf- rwA)** 2 + (Ziwe - Zms)" 2 
Fm - pytLm I Lw 

[0 0 6 5] mjimm^mm(Dm.m.x--^^^:^^ 

X'<DijQJimS.Fmli±. l)T-^i6>n5o 
[0 0 6 6] 

[l&l 1 ] 

Fm=Fw/Lw 
[0 0 6 7] ;^7^'vr3 IT-tt, X7=-^y7'2 8, 2 9, 

3 O-ftf»bfe«6M0^Sl^©(tif^3ta©NURB SfflJia 

<oum}^^m3(DN\jRB smrsm^^cDx. y, ztctt 

Ab. llteAS2W®NURBSffli||©$iWjiaSa. /3 
CC«;AU y h'^^' h;i'SK{C-f^Abx ';7ai^h<&R 

S-'ftAb^ iaxj^JSFm*F{3-ft;Ab. EI3®NURB 

smmm^(Dy-r—-^^y hizm\ NCT'-^iz^mt- 

^ o 

[0 0 6 8] :^^'yr3 2x-. mwz^^^ntzN ct" 

~-^t:mMm2 Oi^i^CONCy'—'i' tVXiSimL. NC 
$i»SE4 0©NC7^— ^l3tt3ii;T4 2 

[0 0 6 9] Ncpmmm^ o<DN\jRBsmrsmm^ 
f^mr 5 N c 4 3 a:. n c ^^-^^ mm^i^ u r 4 

2/P?,NC7*-i5'S^fl«>Ltab> fi?«fb*Ase,5«|*5ttt 
4tt®JJBiNCSDXt«5 OSSiJffliU NCinxS^ff-r 

[0 0 7 0] ^{C, «IS®NURBStti»* l:*:ONU 
RBSffli^{c:-r5:&»©SyS05^ittflg-rao El 0(a) 
ttlg^i^l 0 lT-OJ5;*Sofc2:$;®NURBSfii^4^ 
bTV-'So m 1 0(b){r^-rj;a(^. jgi^.-S 1 0 1 ®i£ 
2 -=)© N U R B S mmzpi bXaDXjtJK S6Hl^©«SSt 
/hR©7-f hSjlia-r-5t> j^igS^SNURBSft 

[0 0 7 1] mi l(a){±. HI 0(b)®;^;^T-ffl*n 
fc:gi5:55-£iS:^bfcHT-fe.S<. ZZX^mUs tt^^fl^ 
*abTv^5. 01 l(a)K:43v^■rH:^ mizy^u^y h 

(ommi^x^ ^m^mifi^mmx'^^o z<Dm^. mi 
i(b)t:^N-rcfc^(c, mj:.mmmwmx-mmifimm-r^ 

$#5:ifc4ST-§S, NC§lJfflI^fi4 0I±. NURBS 

MM®i^;^-r-j$S*5<gT-rSfc«){Cv ffifflfcHi^As^b 

s, dnt-^^Of-rstcti, .r®NURBsffli^®^jig?j 

[0 0 7 2] HI 2(a)tC:^-rJ:a{C, ADX-T^fea?)© 
NURBSffl«gffl®o)5:^^«ig;^l 2 1 hi^jS 1 2 2& 
Jig^K^-t-ilff bTV^S^i^ASfe■5. C©Btjl&i^l 2 1 
i:NURBSfti||fcl±^ji«gT-fe»)x tti^l23&aia 



(8) 
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[0 0 7 3] z(Dm^cD^&zMm-r?>rzif). ^mnx- 

It. 01 2(b){C^-ri^l-. tt^!^l 2 1 C*3(t?>NU 

R B s mU(Dt&U:&\Siiz^\.\-Bmfx. iaxffl i;©^ 

mti^^ b«:^^^fi;^ 1 2 5 ») . 1 2 2 CDgfjSa 

*lRI{c^&^,^g^^i£■rsNURBSffliSgl 2 4i::^s-r2,. 

[0 0 7 4] -^tji^^iZ, mi 3(&)iZ^irm\:>tz&n(D 

^bfe i*cDffliST-*Dxt--5;^ffi{c^M-rsi:. mmi. 

1 *® N U R B S ffli^t i&o T ADXT- S 5 3 ii tC )& 

*). {^ll«!j**.AnxJtat)±*s5o 
[0 0 7 5] «JM]^^IF.T-H-»$nfciSifll3 WcDffig-^ 
^ h;i'43<fci;fllIte^JSAS, B-spl ine«ffi*fe{± 
B e z i e ^^iP^CDV^m*»6Dftl^T•^«$^^SB$. S 
1 4(a)*J<ttPt!jSC( 1 2)«iB e z i e rT'NURBS 

wm-^<D^t^:^m^mu mi 'i(h)}3xrfm^(i 3) 

{iB-sp 1 inet-NURBS«IS'^ffl^i«l7?j*Sr^ 

i,4(t)ttajKM^T-feSo Co onsMP^T-^|g$ 
nSBttt, HI 4(c)4b'J:tJf|5SC( 1 4){i. Bezie 
r«ffllc:^tSiTSa©T% 0 1 4(a)43ctti^*IS5S;^fflV^ 
TNURBSM^SCtigEtSl-rSCli^ASpItl-efeS. 



QbttB e z i e r|iP^®$iJfflI^, QciiCoon 

$nsBif{i. ^*3fe^-B-r NURBS fflaic^^-r 

■r?.i:. NURBsiiraASpjigi;:;^^, Raiiiiei^i:© 
assT-^e^tisBttt. mm, Rsi^n-en^NURB 

[0 0 7 6] 
1^.12} 



.[O 0 0 0 

iVi4rij-3(i-<)2/ 



«4 

1 J 



^6 ^7] 

1 ll 



[0 0 7 7] 
[l&l 3] 



'7] 

= [-3 -2-101234] 



2 
3 



^3,4f J=^'' 
(O^t £l) 

[0 0 7 8] 
[ISl 4] 

Qci=QB3 

Qco = -3Gbo + 3Gfli - 3(!2fii - fiflo ) 
[0 0 7 9] CLt^— ^CD±M;)JlR]^^^ h^l/^-^cDfig 

^i^ ii:i^3fa©a^®[5)B#3W$ijffliNCADxtiffl®NUR 

B S lira N C 5^- ^ ^f-^fig-r S i: AS pltg{c«: -2. o 
[0 0 8 0] ^(c:^ «iMiffi^^(DNURBSffii^CDl|id[ 
lii^:^?Si:f^iE*^i:*ifiBj^S, ftlMffiilf ^ipf.y- 



^'ffi^Sl^-No^t^^JiSti. H7®jS»^«IT-fe?3s 1115 
{C^fd 5),(1 6),(1 7),(1 8),(1 9)gSlST-^x. 

^ o 

[0 0 8 1] 

mib^i 

[0 0 8 2] 
[ISl 6] 



(9) 
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Afc = 



Mb' 



COS (C) -sin{C) 0 
sin{c) cos{C) 0 

0 0 1 

c&5(b) 0 sin{B) 

0 10 
-si>i(iJ) 0 cos(b) 



[0 0 8 3] 

tiSi 7] 



Wax 




Mx 


Way 


^McMb 


My 


Waz 




Mz 



[0 0 8 4] 

Dak='sin(B) 

Daj = cos(B)sin(C) 

Dai = cosf ^ )cos(C ) 

CO 0 8 5] 
[iiCl 9] 

i)a ={J,K,I)= {Dai,Daj.Dak) 

s = 

Wa~{;^ax,Way,Waz)-S =(y,Z,Jr) 

iv-(jf,y.z) 
!>-(/, J, a:) 

[0 0 8 6] mmim?h-^s^m-^ixtcm.uzm, mm-^ 

jK© N U R B S aHiP ^{i^cD t: ->^T-;i^^j7^-^ Srfi- 
fgj^d 5).(1 6),(1 7),(1 8),(1 9)S:fflV^■t> ^ 

^j'*ia4-r-«iEbfc??iRji;a:ia»:;&iPitffliEbTx wiebu 

[0 0 8 7] El 6{c^^J:a{3, S1T-A:*3bfeffi;^ 
ISWCLt^— ^ 1 lA^?, PTheNURBS Boo 
kj ^if{C^^tl-?:t^5NURB Sffll^CDf^fig:??^tlJ; 
»}, l).(2),(3)-f«$n5NURBSffliiSgl 5 

1 fc. ^}^-C<DmAl5\^^i^ 5 2 fc*ft»t-So 

1tiE^©CL7=— ^J'i: NURBS ttlf^l 5 l*5<tUfiW 

[00 8 8] it«;?^ii bTtt^ tf»®aTiKll&fl-^ 

[0 0 8 9] 1 5 3lCg^1-J;-5«:*gJSA»&41^*vSli^© 
1^IE?5-iS$:EIl TfC^N-To CI CIT-NUR B S fflSa®$iJfflI 
;^Wi(i. -^Ji-f h<&^bTV^5o 1I^IE*^i:b-t{±. 
fiJfflI/aN2&N2' {C^M-rs. Wi?&^Mf2>, J 



[0 0 9 0]i^;tc. |B]Bt4l4^fc{i|BlB#5«J!lDX^M© 
ia^ffiRgNC7^-<5'$:BS5:i^asi«^. NURBSWra^NC 

[0 0 9 1] 01 deDmmm^J^V^^i 1 5),(1 6), 

( 1 ?),( 1 8),( 1 9)*fflv^Tx mmmmmi^'^'y-'!^ 

^Dfflaiax«S4fflV^■r. NURBSffiF^fflNCT^-^ 
!fe tt^-r 5 d i: *s nfH c S . 

[0 0 9 2] ADxt)®jKtt!i»iK«:±(f sfcifeic^ ie;>-r3i 

0!li?.K> 05T-8Rfflbfcil)a^moaja$ 
■a-fct^^j^&Ji^NbTjgjg^Srti-^l-i:. ?K«]WjK*±»f 

[0 0 9 3] 

NURBStt^la^c^&rDTrt^^ptxM;£l^,A.bT^ 

^43J:lfiDXfflM«A5av^ffl®*axAJpI«gi:^^J^ 
±tf#«?&«lilSt-^> Snxxa*;*:*§jcffii«T-#S. * 

[0H©@#^|ffiB^] 

[01] *^B^t3i:S|Sflt$lJfflItt®AnX^ffiCD|^ffli«?!|0D 

[ia2] |Je3l5®iaifaWP^i)0X:^^i:ii63l5®NURBS« 
F^^iDx:)^ ^ ^ it® bT^-TElT- S o 

So 

[0 4] CL7^-;$'®ffiIE:5r£®-^JSr^t-EIT-^S. 
CEI6] *%?QK:J:SNURBSfti^CD^i!lO:&iS&^ 

[08] *^B^K:J;5y 5/ h-t^ h>>Uti-W43<tV«S*«^ 

[09] **B^CJ;.5 7'l'>7^^ >i5^fi^^ia^t<taN 
U R B S ffli^CD;^ A— X-fbOiJ^SC Sg^f 0T-fe S . 
[01 0] *^W{cJ:S7>f hR#AT-ffll^* 1* 

^b-r s ffi s ^ -r 0T- s o 

[011] *^W{c<tSfl^^iEt?ffl**S^a«i{bt- 
s:)&&*^-r0T-*So 

[012] *^WKJ;So«:^x*ig8&®ffliig<bT-iSil 



0 0 1-9251 



[mis] *^H^tJ;SXMJgSSCD!^«&'fbT-ttiaS 1* 

[HIS] ^^BMizj:^mmmmmt^^'7-^mw^^^ 

-5. 

mm:^m^^^-tmx-h^o 

[017] *^Ba{cJ:SNURB Sflif^(3D^Mffi:^iS^ 



1 0 ±{iLm»m 

11 CL7^-iJ't&i(rtmSiJ7 7-f;u 

2 0 *:&s<&*ff-ri.ff-»«i 
4 0 mMvmmm 

4 1 «IE7^-^t&JrtJ^'JT 

4 2 NC5'-^*&i(iflj:.'JT 

4 3 Ncmmmm 

1 5i6*fcH:4ltt^WNCiDX^ 



[mi] 



mil 




,21 



I 



29 



2a 



inxalr 



7 20 
22 



23 




[mil] 




(11) 
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[113] [04] 
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[HIS] 




[^9] [1112] 




(13) #132 0 0 1 -9 2 5 1 6 



[013] [014] 




[*ltBB] ¥fiSl 2^1 0^5B (2 0 0 0. 1 0. [«IEl*l^l 

5) [0063]y^5^<;'7"30TN »NJ;^^»T-©jDXj^ffi 

[^^«iEi] ^im-r^o 'y-i^mm^^r-cDit^j^^ixvis, yw 

imJEMMmm^} s, Zws), i^;S&(Xwe, Ywe, Zwe), 3£S 

[«iE^tl«i*] 0 0 6 3 &Lw, iPXaS^Fw, *ifeft^^5R-e©«&ji^*(Xin 

[ffilE:^^] s, Yms, Zms, Bms, Cms), tl^f^^(Xm 



(14) 
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e, Yme. Zme, Bme, Cme), ^M^hm, [WIE:^?£] 
1 0)lcj:f)#x.^n5. [0 0 6 4] 

[^mmiE2] [»io] 
mjEM^ms^] 0 0 6 4 

Lw=^(Xwe-Xwsy2+(ywe-Ywsr2+(Zwe-Zi»sr2 



^MWHAtm^wHTg i»i^ 

F^— 5H269 ABOl CC02 DDOl EEOl EE05 
EEll QA05 QB15 RBll 



